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GAS- SUPPLY SYSTEM AND PROCESSING SYSTEM 

I 

FTFI n OF INDENTION 

i 

5 The present invention relates to a processing system that 

provides specific processing to an object to be processed such as a 
semiconductor wafer and a gas supply line that supplies processing 
gas. 

10 ftArKGROUND HF T|HF TNVENTION 

I 

I 

In general manufacturing; of semiconductor devices, 
repetitious processes of film formation and pattern etching are 
provided on semiconductor wafers td manufacture intended devices. 

15 Every year the demands particularly for high specifications of the 
film formation technique are growing as semiconductor devices 
became highly densified and integrated, and further reduction In 
the thickness of the film has been required to form quite thin oxide 
films, such as insulating films ahd gate-insulating films in a 

20 capacitor in the device for example; in which high insulating ability 
is also required. ! 

Silicon oxide films and slllcoln nitride films can be used for 
these insulating films, but more (netal oxide films are recently 
chosen as material with better insulating properties. The metal 

25 oxide films, providing highly reliable insulating ability in spite of 
their thinness, can provide further; improved insulating ability by 
applying modification processing 6n the surface after the metal 
oxide film formation is completed. ; 

Metal nitride films are also ijnore often adopted as material 

30 with favorable ability for barrier m'ptal layers, etc. In association 
with the above-mentioned. metal ox|lde films and metal nitride films, 
metallic compound material has come Into wide use as a material 
gas at the! film formation. Thp metallic compound material 
generally is liquid or solid at normaj temperature and pressure, and 

35 has characteristics to be hardly pvaporated or sublimed for its 
relatively low vapor pressure. j 



BEST AVAILABLE COPY 



'05$02jjl8B(£)l8H09ft SMITH, GAMBRELL 4 HfiKYOWA PATENT, TKY R:218 P.! 



The gas supply system of a material gas produced from 
metallic compound materia! is hereinafter explained. Fig. 21 is a 

i 

structural block diagram showing a conventional gas supply system 
of a material gas composed of metallic compound material. 
5 As shown In Fig. 21, the metallic compound material M 

composed of liquid or solid organip metal material or the like is 
contained in a material reservoir tank 2 into which a carrier gas, 
e.g. Ar gas, is fed while a! flow controller 4 controls the flow rate, 
thereby promoting evaporation or sublimation of the metallic 

10 compound material. The material gas produced by evaporation or 
sublimation of the metallic compound material is carried with the 
carrier gas to a processing apparatus 8 through a gas passage 6 
and supplied into the processing apparatus 8 with other necessary 
gas in order to deposit a specific; thin film on the surface of a 

15 semiconductor wafer W that is an object to be processed. In 
addition, a heater 10 may be provided at the material reservoir 
tank 2 as necessary so that evaporation of the metallic compound 
material is promoted. 

20 SUMMARY OF TH^ INVENTION 

i 

In the gas supply system described above on the other hand, 
the material reservoir tank 2 and the processing apparatus 8 are 
wide apart and thus the length of the pipe of the gas passage 6 is 

25 elongated, resulting in quite an iricrease in pressure loss at this 
point. Consequently, there has ibeen difficulty in obtaining a 
material gas of a desired flow amount because the pressure inside 
the material reservoir tank 2 is increased corresponding to the 
pressure loss values, thus decreasing the evaporation or 

30 sublimation of the metallic compound material M correspondingly. 

i 

In this case, the: metallic: compound material M might 



possibly be 
the metallic 
because the 



placed inside the processing apparatus in a case that 
compound material M 'is solid, but this is not practical 



produced material gas 



flow cannot be controlled. 



35 Moreover, especially in a case that the metallic compound 



material M is solid, there has been 



a problem that the flow amount 
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of the produced material gas becomes unstable because an 
injection nozzle 12 for a carrier gasjis provided inside the material 
reservoir tank 2 and is directed fixa|b1y at a specific point, thereby 
subliming and decreasing, the particular part of the metallic 
5 compound material M having a direct contact with the gas injected 
from the injection nozzle 12 while trie other part has less decrease, 
resulting in causing one-side wear. ! 

The present invention has been made in the light of the 
above-mentioned problems to be so(ved effectively. 
10 The first object of the present invention is to provide a gas 

supply system that can uniformly Maintain the flow amount of a 
material gas produced from metallii compound material inside the 

i 

material reservoir tank. : 

The second object of the prtesent invention is to provide a 

15 processing system that can supply ja material gas produced inside 
the material reservoir tank into the processing apparatus while 
generating almost no pressure loss, j 

The present invention is a gas supply system for supplying a 
specific material gas into a processing apparatus in order to 

20 provide specific processing to an Object to be processed wherein 
said material gas is produced from metallic compound material 
with low vapor pressure, said system characterized by comprising: 
a gas passage extending to said pijocessing apparatus; a material 
reservoir tank attached to one 0nd of said gas passage for 

25 containing said metallic compound material therein; and a first 
carrier gas supply means connected to said material reservoir tank 
into which a carrier gas is fed, wherein said first carrier gas supply 
means comprises a gas diffusion fchamber provided in a bottom 
portion of said material reservoir tank, and a gas injection plate 

30 separating said gas diffusion chamber and having a number of gas 
injection holes. ! 

In this manner a material igas is obtained as a result of 
evaporating metallic compound material by injecting a carrier gas 
from the whole surface of the bottom portion of the material 

35 reservoir tank, and the produced imaterial gas flow can thus be 
maintained at a constant amount, j 
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In addition, the produced j material gas flow can be 
controlled with high accuracy by jchanging the supplying flow 
amount of the carrier gas. 

In this case, a porous fluorinajted resin layer is provided on a 
5 gas injection surface of said gas Injection plate, as in another 
invention of the present application, j 

In this manner the liquid j or solid metallic compound 
material can be prevented from iflowing downwardly into the 
diffusion chamber below. j 
10 Moreover, said gas injectioiji plate is formed by porous 

fluorinated resin, as in another invention of the present application. 

Furthermore, a material heating means is provided in said 
material reservoir tank for heating sjaid metallic compound material, 

i 

as in another invention of the present application. 
15 In this manner the evaporation of the metallic compound 

material can be promoted due to the| material heating means. 

In this case, said material heating means is provided in the 

bottom portion of said material feservoir tank, as in another 

Invention of the present application.! 
20 Moreover, said material heading means Is implanted In said 

gas injection plate, as in another invention of the present 

application. 

Furthermore, said gas injection plate comprises a shower 
portion having a number of gas i injection holes, wherein said 

25 shower portion is supported by support members on said bottom 
portion, each of the support members having a hollow portion 
inside, and each of said hollow portion provides atmospheric air as 
in another invention of the present application. 

Another invention of the present invention is a processing 

30 system comprising: a processing apparatus including a gas 
injection means for injecting a j specific material gas into a 
processing vessel in order to provide specific processing to an 
object to be processed, said material gas being produced from 
metallic compound material with l^>w vapor pressure; and a gas 

35 supply system for supplying said sjpecific material gas to said gas 

injection means, wherein: said j gas injection means is a 

i 

i 
i 
i 
i 
i 
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showerhead portion; and said gas supply system is characterized 
by comprising: a gas passage extending upwardly from said 
showerhead portion; a material rjeservoir tank attached to an 
upper-end portion of said gas passage for containing said metallic 
5 compound material therein; and an open/close valve for 
opening/closing said gas passage. , 

In this manner the material' reservoir tank is provided and 
directly attached to the processing vessel in the upper area of the 
processing apparatus, linked by the gas passage, and thus almost 
10 no pressure loss is generated during the material gas delivery, and 
the material! gas can be effectively produced and effectively fed 
into the processing apparatus as a result. 

In this case, said upper-end: portion of said gas passage is 
inserted in said material reservoir tank and said open/close valve is 
15 provided for opening/closing an opienlng of the upper-end portion 
of said gas passage, as in another invention of the present 
application. 

Moreover, said open/close valve Is intermediately inserted in 
said gas passage, as in another invention of the present 
20 application. 

Furthermore, a first carrier gas supply means is provided in 
said material reservoir tank for ifeeding a carrier gas in said 
material reservoir tank, as in anpther invention of the present 
application. 

25 In addition, said first carrier; gas supply means comprises: a 

gas diffusion chamber provided in a bottom portion of said material 
reservoir tank; and a gas injection plate separating said gas 
diffusion chamber and having a number of gas injection holes, as in 

i i 

another invention of the present application. 

30 In this manner the produced material gas flow can be 

maintained at a constant amount because the carrier gas is 
designed to be injected from the whole surface of the bottom 
portion of the material reservoir tank in order to evaporate the 
metallic compound material so as to obtain the material gas. 

35 in addition, the produced material gas flow amount can be 

controlled with high accuracy by changing the supplying flow 
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amount of the carrier gas. ; | 

Moreover, a porous ;fluorinat£d resin layer is provided on a 
gas injection surface of said gas iinjection plate, as in another 
invention of the present application.; 
5 In this manner the liquidj or solid metaliic compound 

material can be prevented from j flowing downwardly into the 
diffusion chamber below. j 

Moreover, said gas injectiojn plate is formed by porous 
fluorinated resin, as in another Invention of the present application. 
10 Furthermore/ a material heating means is provided in said 

material reservoir tank for .heating said metallic compound material, 
as in another invention of the present application. 

In this manner the evaporation of the metallic compound 
material can be promoted due to thfe material heating means. 
15 Moreover, said material heajting means is provided in said 

bottom portion of said material jreservolr tank, as In another 
Invention of the present application^ 

Furthermore, said material iheating means is implanted in 
said gas injection plate, as in another invention of the present 
20 application. i 

In addition, a purge gas feed pipe is provided in the 
proximity of said showerhead portion for feeding a purge gas in 
said showerhead portion,! as in another invention of the present 
application. 

25 Besides, the processing system comprises: a temperature 

detecting means for detecting the temperature of said material 
heating means; and a controlled for controlling said material 
heating means so that a value ! detected by said temperature 
detecting means is maintained around a specific value, as in 

30 another invention of the present application. 

In this manner themateriallgas flow can be maintained at a 

i 

specific amount with hjgh:accuracy! because the temperature of the 
material heating means is detected and the detected value is 
maintained around a specific value.- 
35 Moreover, the processing system comprises: a pressure 

detecting means for detecting the pressure inside said gas passage 
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or said material reservoir tank; andja controller for controlling said 
material heating means so that a v^lue detected by said pressure 
detecting means is maintained aijound a specific value, as in 
another invention of the present application. 
5 in this manner the material gas flow can be maintained at a 

specific amount with high accuracy because the pressure inside the 
gas passage is detected to control tlae material heating means. 

Moreover, the processing kystem comprises: an orifice 
means provided inside said gas passage for providing a sonic 
10 nozzle condition; a pressure detecting means for detecting 
pressure at an upstream side of the orifice means; and a controller 
for controlling said material heating; means or said first carrier gas 
supply means so that a value detected by said pressure detecting 
means is maintained around a Specific value, as in another 
15 invention of the present application^ 

In this manner the material gas flow can be maintained 
around a specific amount with hig'h accuracy because the orifice 
means is provided to provide a sonic nozzle condition and the heat 
release amount of the material heating means and/or the supplying 
20 flow amount of the carrier gas ! are/is controlled so that the 
pressure inside the gas passage onjthe upstream side of the orifice 
means is maintained around a specific value. 

Moreover, the processing j system comprises: a partial 
pressure detecting means for detecting the partial pressure of a 
25 material gas inside said gas passkge or material reservoir tank, 
said material gas being produced! from the metallic compound 
material; and a controller for controlling said material heating 
means so that a value detected by said partial pressure detecting 
means is maintained around a ! specific value, as In another 
30 invention of the present application;. 

In this manner the material gas flow can be maintained 
around a specific amount with hijih accuracy because the partial 
pressure of the material gas Inside the gas passage is detected and 
the heat release amount of the material heating means is 
35 controlled in order to maintain the detected pressure around a 
specific value. ! 
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Moreover, the processing system comprises: a gas flow 
detecting means for detecting the amount of gas flowing through 
said gas passage; and a controller for controlling said material 
heating means so that a value detected by said gas flow detecting 
5 means is maintained around a Specific value, as in another 
invention of the present application.! 

In this manner the material gas flow can be maintained 
around a specific amount with high] accuracy because the gas flow 
amount inside the gas passage is! detected and the heat release 
10 amount of the material heating njieans is controlled in order to 
maintain the detected amount arouhd a specific value. 

Moreover, the processing system comprises: a second 
carrier gas supply means connected to said gas passage; a gas 
flow detectjng means provided at said gas passage on a 
15 downstream side of a connection point of said second carrier gas 
supply means and said gas passage for detecting the gas flow 
amount flowing through 'said gasj passage; and a controller for 
controlling the gas flow amount of each of said first and second 
carrier gas supply means so that the flow amount of a material gas 
20 within said gas flow is maintained at a constant amount, said 
material gas being produced from said metallic compound material, 
as in another invention of the present application. 

In this manner the material gas flow can be maintained 
around a specific amount with high accuracy because the second 
25 carrier gas supply means is provided wherein the amount of the 
gas flowing inside the gas flow patlji is detected and the first carrier 
gas supply means is so controlled as to always maintain a constant 
flow amount of the material gas carried by the carrier gas from the 
first carrier, gas supply means, arid then the flow amount of the 
30 carrier gas Increased or decreased^ by this control is compensated 
by the carrier gas from the secojid carrier gas supply means in 
order to constantly supply a specific amount of the total gas flow to 
the processing apparatus.; 

Moreover, material heating means are provided at the 
35 bottom portion, a side portion andja ceiling portion of said material 

reservoir tank respectively and saijJ material heating means can be 

i 

• i i 

i 
i 

I 

\ I 

l 
i 
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controlled separately, as !in another invention of the present 

application. ; ! 

Furthermore, yet another: invention of the present 
application is a processing system comprising: a processing 
5 apparatus including a gas injection; means for injecting a specific 
material gas into a processing vesiel in order to provide specific 
processing to an object to be processed, said material gas being 
produced from metallic compound material with low vapor 
pressure; and a gas supply system for supplying said specific 
10 material gas to said gas injection means, wherein said gas supply 
system is characterized by comprising: a material reservoir tank for 
containing said metallic compound material therein; a gas passage 
for connecting said material reservoir tank to said gas injection 
means of said processing vessel; a first carrier gas supply means 
IS connected to said material reservoir tank for feeding a carrier gas 
therein; a material heating meajns provided at said material 
reservoir tank for heating, metallic; compound material inside said 
material reservoir tank; j a detecting means for detecting the 
conditions inside said gas passage ior said material reservoir tank; 
20 and a controller for a control for a yalue detected by said detecting 
means to be maintained around a specific value. 

in this case, said detedlng means is a temperature 
detecting means for detecting th$ temperature of said material 
heating means and said controller controls said material heating 
25 means so that a value detected; by said temperature detecting 
means is maintained around a j specific value, as in another 
invention of the present application!. 

In this manner the materijal gas flow can be maintained 
around a specific amount with h'9h accuracy because the 
30 temperature of the material heatng means is detected and the 
detected value is maintained around a specific value. 

Alternatively, said ; detecting! means is a pressure detecting 
means for detecting the pressure j inside said gas passage or said 
material reservoir tank and said bontroller controls said material 
35 heating means so that a Value detected by said pressure detecting 
means is maintained around a j specific value, as in another 
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invention of the present application.; 

In this manner the material gas flow can be maintained 
around a specific amount with high accuracy because the pressure 
inside the gas passage is detected to control the material heating 
5 means. 

Alternatively, an orifice means is provided inside said gas 
passage to provide a sonic nozzle condition, said detecting means 
is a pressure detecting means for detecting pressure at an 
upstream side of said orifice means, and said controller controls 

10 said material heating means or said first carrier gas supply means 
so that a value detected by said pressure detecting means is 
maintained around a specific value, as in another invention of the 
present application. 

In this manner the material gas flow can be maintained 

15 around a specific amount, with higjh accuracy because the orifice 
means is provided to provide a sonic nozzle condition and the heat 
release amount of the material heating means and/or the supplying 
flow amount of the carrier gas are/is controlled so that the 
pressure inside the gas passage on the upstream side of the orifice 

20 means is maintained around a specific value. 

Alternatively, said detecting means is a partial pressure 
detecting means for detecting the partial pressure of a material gas 
Inside said gas passage or said material reservoir tank, said 
material gas being produced from metallic compound material, and 

25 said controller controls said material heating means so that a value 
detected by said partial pressure detecting means is maintained 
around a specific value, as in another invention of the present 
application. 

in this manner the material gas flow can be maintained 
30 around a specific amount with high accuracy because the partial 
pressure of the material gas inside the gas passage is detected and 
the heat release amount of the material heating means is 
controlled in order to maintain the detected pressure around a 
specific value. 

35 Alternatively, said detecting means is a gas flow detecting 

means for detecting the gas flow amount flowing through said gas 
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passage and said controller, controls said material heating means so 
that a value detected by said gas flow detecting means is 
maintained around a specific value,: as in another invention of the 
present application. 
5 In this manner the material gas flow can be maintained 

around a specific amount with high; accuracy because the gas flow 
amount inside the gas passage is ( detected and the heat release 
amount of the material heating means is controlled in order to 
maintain the detected amount around a specific value. 

10 Alternatively, a second carrier gas supply means is 

connected to said gas passage, said detecting means is a gas flow 
detecting means provided at said gas passage on a downstream 
side of a connection point of said second carrier gas supply means 
and said gas passage for detecting the gas flow amount flowing 

15 through said gas passage, and said! controller controls the gas flow 
amount of each of said first and second carrier gas supply means 
so that the flow amount of a material gas within said gas flow is 
maintained at a constant amount, s^iid material gas being produced 
from said metallic compound matejrial, as in another invention of 

20 the present application. | 

In this manner the material gas flow can be maintained 
around a specific amount with high accuracy because the second 
carrier gas supply means , is provided wherein the amount of the 
gas flowing inside the gas flow path is detected and the first carrier 

25 gas supply means is so controlled as to always maintain a constant 
flow amount of the material gas carried by the carrier gas from the 
first carrier gas supply means, anjd then the flow amount of the 
carrier gas increased or decreased: by this control is compensated 
by the carrier gas from the second carrier gas supply means in 

30 order to constantly supply a specific amount of the total gas flow to 
the processing apparatus. j 

In this case, said first carrier gas supply means comprises: 
a gas diffusion chamber provided in a bottom portion of said 
material reservoir tank; and a gas! injection plate separating said 

35 gas diffusion chamber and having ^ number of gas injection holes, 
as in another invention of the present application. 

i 



i 
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In this manner the produced material gas flow can be 
maintained at a constant amount because the carrier gas is 
designed to be injected from the; whole surface of the bottom 
portion of the material reservoir tank in order to evaporate the 
5 metallic compound material so as toj obtain the material gas. 

In addition, the produced material gas flow amount can be 
controlled with high accuracy by; changing the supplying flow 
amount of the carrier gas. • 

In this case, a porous fluoridated resin layer is provided on 
10 the gas injection surface of said gals injection plate, as in another 
invention of the present application.; 

In this manner the liquid! or solid metallic compound 
material can be prevented from j flowing downwardly into the 
diffusion chamber below. 
15 In this case, said gas injection plate is formed by porous 

fluorinated resin, as in another invention of the present application. 

In this case, material heatihg means are provided at the 
bottom portion, a side portion and a ceiling portion of said material 
reservoir tank respectively and saidj material heating means can be 
20 controlled separately, as in another invention of the present 

i 

application. 

Moreover, a gas outlet toj which said gas passage is 

connected is provided in the celling portion of said material 

reservoir tank and a baffle! plate member is provided to cover said 
25 gas outlet in order to prevent arjy metallic compound material 

other than gas from entering inside said gas outlet, as in another 

invention of the present application. 

By providing the baffle plate member at the gas outlet in 

this way, the metallic compound material in the form of droplets or 
30 particles/powdery material except for gas can be prevented from 

flowing to the side of the processing apparatus without generating 

pressure loss. j 

In this case, said : baffle plate member is provided in a 

configuration that a surface of sajid metallic compound material 
35 cannot directly be seen > from said gas outlet, as in another 

invention of the present application^ 
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Moreover, said baffle plate member is made of a material 
with good heat conductance, as in another invention of the present 
application. j 

Furthermore, said baffle plate member is provided with an 
5 inclination relative to the horizontalj as in another invention of the 
present application. : 

In addition, said baffle platfe member is constituted by a 
bending plate in a form ofU-shapei in cross-section, as in another 
invention of the present application.; 
10 Besides, two plates with different dimensions are provided 

as said bending plate and said twb plates of bending plates are 
partially mutually inserted to fit together, as in another invention of 
the present application. j 

Moreover, said baffle plate member is constituted by a disc 
IS plate, as in another invention of theipresent application. 

i 

RRTFF PFSt-RTPTTON QF THE DRAWINGS 

Fig. 1 is a cross-sectional block diagram showing a first 
20 invention of a processing system: having a gas supply system 
according to the present invention. | 

Fig. 2 is a plan view showing! a gas injection plate. 
Fig. 3 is an enlarged, partial,; cross-sectional view showing a 
first carrier gas supply means at thfc bottom of a material reservoir 
25 tank. j 

Fig. 4 is a block diagram showing the modifications of an 
embodiment of control. \ 

Fig. 5 is an enlarged cross^sectional view showing a gas 
injection plate with a resistance heater which is implanted into a 
30 porous fluorinated resin. 

Fig. 6 is a diagram showihg a modification of the first 
invention. 

Fig. 7 is a diagram showing Another modification of the first 
invention. ■ \ 

35 Fig. 8 is a structural blodk diagram showing a second 

invention of the processing system according to the present 
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invention. 

Fig. 9 is an enlarged cross-sectional view showing a material 
reservoir tank. 

Fig. 10 is an exploded perspective view showing the 
material reservoir tank. 

Fig. 11 is a block diagram showing the modifications of an 
embodiment of control. j 

Fig. 12 is a cross-sectional yiew showing a modification of 
the material reservoir tank. 

Fig. 13 is an exploded dlagrtam showing a part of the first 
carrier gas supply means at the bottom of the material reservoir 
tank. 

Fig. 14 is an enlarged crbss-sectional view showing a 
configuration of the members of the part shown in Fig. 13. 

Fig. 15 is a cross-sectional View showing a modification of 
the material reservoir tank: 

Fig. 16 is a perspective view showing an example of baffle 
plate member. j 

Fig. 17 is a partial cross-sectional view showing a baffle 
plate member using 2 bending plate's. 

Fig. 18 is an enlarged plan |iew showing a configuration of 
the 2 bending plates. • ' 

Fig. 19 is a diagram showing another modification of the 
baffle plate member. 

Fig. 20 is a diagram showing yet another modification of the 
baffle plate member. 

Fig. 21 is a structural block jjiagram showing a conventional 
gas supply system of a material gas composed of metallic 
compound material. 



DETAILEP PESCRIPTK^ 



OF THE INVENTION 



I 



With reference to the attached figures, an embodiment of 
the gas supply system and processing system according to the 
present invention will be hereinafter explained in detail. 
(First Invention) 
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A first Invention will ibe explained firstly. Fig. 1 is a 
cross-sectional block diagram shovying the first invention of the 
processing system having a gas supply system according to the 
present invention, Fig. 2 is a planj view showing a gas injection 
5 plate, and Fig. 3 is an enlarged, partial, cross-sectional view 
showing a first carrier gas supply means at the bottom of a 
material reservoir tank... | 

As shown in Fig. 1, this processing system 20 mainly 
comprises a processing apparatus 22 for directly performing 
10 predetermined processing onto an object to be processed such as a 
semiconductor wafer, and a gas supply system 24 for supplying gas 
necessary for the aforementioned processing into the processing 
apparatus 22. 

The processing apparatus 2j2 has a processing vessel 26 

15 which is shaped to have a substantially cylindrical body of 
aluminum or the like for example, | and the center of the bottom 
portion thereof is cylindrilcally downwardly extended to form a 
exhaust space 28. In the sidewall defining this exhaust space 28A, 
a large-diameter vent 30 is formed and connected to an exhaust 

20 line 34 with a vacuum pump; 32 intermediately inserted 
therebetween so that the processing vessel 26 can be vacuumed. 

Inside the processing vessel 26, a susceptor 38, 
incorporating a heater for; example, Is provided on a supporting 
column 36 uprising from the bottom portion of the exhaust space 

25 28, and a semiconductor wafer W jean be mounted on the upper 
surface of this susceptor 38. On ithe sidewall of the processing 
vessel 26, a gate valve 40! is attached and is opened/closed when 
the wafer W Is loaded or unloaded, j 

As a gas injection! means, j a showerhead portion 42 for 

30 example is provided on the ceiling plart of the processing vessel 26, 
opposed to the susceptor 38. This | showerhead portion 42 defines 
a box-shaped diffusion chamber 44 1 and a number of gas holes 48 
are formed in an injection plate 46 which outlines the lower surface 
of this diffusion chamber; 44 so as to inject specific gas into a 

35 processing space S below the gas holes 48. 

Inside the injection ! plate 46| a cooling water passage 50 is 

; ! 
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implanted for flowing cooling water! so that films are not deposited 
on this part. In addition, a substantially circular diffusion plate 52 
is placed inside the diffusion chambjer 44 for promoting diffusion of 
a material gas fed from above the: diffusion chamber 44. In this 
5 instance, the conductance inside [ the diffusion chamber 44 is 
preferably set as high as possible: to provide a condition that a 
material gas can be diffused in a molecular flow region inside the 
diffusion chamber 44. Note that a gas feed opening (not 
shown) is formed in the showerhead portion 42 for any necessary 
10 gas such as N2 gas and pxidation jgas for purging or a reduction 
gas, other than the material gas to be hereinafter described. 

In the substantial center! of the ceiling part of the 

i 

showerhead portion 42, a gas feed opening 54 with a relatively 
large diameter is formed opening upwardly to which the 
15 aforementioned gas supply system 24 is directly interconnected. 

To be more precisje, this gas supply system 24 mainly 

i 

comprises: a gas passage 56 extending upwardly from the 
showerhead portion 42; a material; reservoir tank 58 provided at 
the upper-end portion of this gas passage 56; and an open/dose 

20 valve 60 for opening and closing this gas passage 56. 

The gas passage 56| Is a pipe; made of aluminum or stainless 
steel for example, whose internal djameter is set quite large, e.g. 
approximately 40 mm, to. achieve 1 higher exhaust conductance, 
thus decreasing pressure loss generation as much as possible. 

25 A flange portion 56A on the! lower-end portion of this gas 

passage 56 is joined to a flange portion 54A on the upper-end 
portion of the gas feed opening 54 via a sealing member, e.g. a 
bolt (not shown), and the gas passage 56 is uprisen. In the lower 
part of this flange portion 56A, a purge gas feed pipe 57 is 

30 provided for feeding inert gas as a purge gas, such as Ar gas, into 
the interior of the showerhead portipn 42. 

The aforementioned' material! reservoir tank 58 is formed as 
a cylindrical container of alumlnumj, stainless steel or the like for 
example, and is secured in a configuration that the upper portion of 

35 the gas passage 56 pierces through the substantial center of the 
bottom portion of the material reservoir tank 58 to be inserted 
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therein. The upper-end portion of' this gas passage 56 4s located 
at the intermediate height of the interior of the material reservoir 
tank 58 and is constituted as a ' circular valve seat 62. This 
material reservoir tank 58 contains inside metallic compound 
5 material M that is liquid or solid at the room temperature, e.g. 
organic metal material. 

The ceiling of this material reservoir tank 58 is sealed by a 
ceiling board 64 via a sealing member. Across the whole inner 
surface of this ceiling board 64, a diaphragm 66 is inserted 

10 airtlghtly which is a bendable and deformable thin metal plate 
made of stainless steel or the like for example, and at the center of 
the tower surface of this diaphragm;66, a valve body 68 is attached 
which has a shape of a disc and is made of aluminum or the like for 
example. When the diaphragm 66 is deformed, the valve body 68 

15 is seated on the valve seat 62 made of Teflon (a registered 
trademark) or the like for example, thereby closing the opening at 
the upper end of the gas passage 56. The aforementioned 
open/close valve 60 is constituted in this way of the valve seat 62 
and the valve body 68. Note that the diaphragm 66 may be 

20 provided by a bellows. 

On the center part of the upper surface of the valve body 68, 
an upwardly extending valve rod 70 is securely fixed, and around 
the periphery of this valve rod 70 a coiled spring 72 is wound as a 
spring member to apply a downward force to the valve body 68 i.e. 

25 in the direction for the valve to be closed. This coiled spring 72 is 
housed in a spring housing 74 which is shaped in an upward 
convex of the center part of the ceiling board 64. The valve rod 70 
is slidable and protruded out through the ceiling part of this spring 
housing 74, and the end of this: valve rod 70 is joined to an 

30 actuator 76 which operates by compressed air supply for example. 
Consequently, the aforementioned; open/close valve 60 can be 
opened and closed by supplying/evacuating compressed air to/from 
the actuator 76. The periphery of the coiled spring 72 is 
surrounded by an elastic bellows 7^ so that the particles from the 

35 coiled spring 72 are confined inside and prevented from dispersing. 

The material reservoir tank 58 is provided with a first carrier 



i 
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gas supply means 80 for feeding a carrier gas composed of inert 
gas therein. To be more precise, this first carrier gas supply 
means 80 mainly comprises a gas injection plate 82 which is 
provided in the bottom portion of ! the material reservoir tank 58 
5 and positioned slightly higher than the bottom surface, and a gas 
diffusion chamber 84 defined belowthis gas injection plate 82. 

The gas injection plate 82 is made of aluminum, AIN or the 
like with a thickness of 4-12 mm for example and is shaped in a 
disc as shown in Fig. 2. A number of gas injection holes 86 are 

10 formed in the whole surface of the: gas injection plate 82, each of 
which has a diameter of 0.5 mm for example, and as shown in Fig. 
3, a carrier gas from the gas diffusion chamber 84 below is injected 
from each gas injection hole 86 so that the metallic compound 
material M located above can be evaporated to provide a material 

15 gas. i 

In the sidewall of the material reservoir tank 58 defining the 
gas diffusion chamber 84, a gas fejed opening 88 is formed. This 
gas feed opening 88 is connected to a carrier gas line 92 with a 
flow controller 90, such as a mass flow controller, intermediately 

20 inserted therebetween so that a carrier gas, e.g. Ar gas, can be 
supplied into the gas diffusion chamlber 84. 

To the whole upper surface of the gas injection plate 82, a 
porous fluorinated resin film 94 with a thickness of approximately 
0.1 mm for example is applied. This porous fluorinated resin film 

25 94 is made of porous Teflon (a registered trademark) or Poreflon (a 
registered trademark: Sumitomo Electric Fine Polymer Inc.) for 
example, through which gas molecules such as Ar gas can be 
passed upwardly while liquid such 4s liquid material cannot. Note 
that fluorinated resin films may lj>e coated on the whole inner 

30 surface of the sidewall and inner structure of the material reservoir 
tank 58 and also on the diaphragm 66. In this case, one-side 
wear of the metallic compound; material can be controlled 
particularly when the metallic compound material M is solid, 
because the inner surface of the sidjewall with which the material Is 

35 always in contact becomes slick, i 

Inside the gas injection plate 82, a linear or planar 

i 
i 

i 



■ 
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resistance heater 96, for example, [as a material heating means is 
implanted across substantially the whole surface so that the 
retained metallic compound material M can be heated as necessary 
to promote evaporation. 
5 To detect the temperature pf this resistance heater, 96, a 

thermocouple 98, for example, is positioned in close proximity as a 
temperature detecting means. Bcjsed on the value detected by 
this thermocouple 98, a controller 100 in the form of a 
microcomputer or the like for example can control a power section 

10 102 which supplies electric power to the resistance heater 96, as 
shown In Fig. 1. : 

Additionally, in the upper part of the sidewall of the material 
reservoir tank 58, a pre-flow outlet 104 Is provided for use in 
eliminating excess gas and stabilizing gas flow, and is connected to 

15 the side of the exhaust line 34 linked by a pre-flow line in which an 
open/close valve is inserted, not shown. Note that a tape heater, 
for example, may be wound around the periphery of the gas 
passage 56 for heating in order to prevent the material gas to be 
re-liquefied. 

20 In the next place, the operation of the processing system 

with the above-mentioned structure will be explained. Firstly, an 
unprocessed semiconductor wafer W is loaded into the processing 
vessel 26 by way of the open gate valve 40 and mounted on the 
susceptor 38, and the inside of the! processing vessel 26 is sealed. 

25 Then, while the temperature of the wafer W is raised to a specific 
processing temperature by the incorporated heater of the susceptor 
38 and maintained, a material gas; of metallic compound material 
supplied from the gas supply system 24 is fed from the 
showerhead portion 42 into the processing space S, and at the 

30 same time, other necessary gas, e:g. an oxidation gas etc., is fed 
from the gas holes 48 of the showerhead portion 42 into the 
processing space 5. Note that the structure inside the showerhead 
portion 42 is determined as necessary wherein a material gas and 
other gas may be mixed inside thk showerhead portion 42, or a 

35 material gas may be mixed with other gas when injected into the 
processing space S (post mix). In! addition, a single material gas 

I 

i 
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of metallic • compound material may be fed to be processed 
(thermal reaction). 

In this manner, the metallic compound material is 
decomposed and thin films, such as a metallic thin film, oxide film 
5 of metallic material, nitride film, silicone compound film, etc. are 
deposited on the surface of the wafer W. 

The operation of the gas supply system 24 is hereinafter 
explained in detail. : 

In supplying a material gas to the side of the processing 

10 apparatus 22, firstly a carrier gas (Ar) at a controlled flow rate is 
fed from the carrier gas line 92 of the gas supply system 24 to the 
gas diffusion chamber 84 of the first carrier gas supply means 80. 
The carrier gas, diffusing in the planar direction inside the gas 
diffusion chamber 84, is injected upwardly from each of the gas 

15 injection holes 86 of the gas injection plate 82 provided above the 
gas diffusion chamber 84 (refer, to Figs 2 and 3), thereby 
evaporating the liquid or solid metallic compound material M 
retained inside the material reservoir tank 58, thus producing a 
material gas. At this point, the evaporation of the material gas is 

20 promoted by operating the resistance heater 96 implanted in this 
gas injection plate 82 for heating.; In this case, since the heat 
capacity of this resistance heater 96 and the gas injection plate 82 
in which the resistance heater 96 is implanted is set quite low, the 
heat response is excellent and the power section 102 can be 

25 controlled to promptly compensate for lost heat of vaporization. 

Accompanied by the carrier gas, the material gas produced 
inside the material reservoir tank' 58 flows from the upper-end 
opening of the gas passage 56 by ; way of the opened open/dose 
valve 60 into the gas passage 56 with a relatively large diameter, 

30 as shown in Fig. 1. Note that the open/close operation of the 
open/close valve 60 Is performed by feeding compressed air into 
the actuator 76 or evacuating compressed air by the actuatpr 76, 
thereby moving the valve rod 70 and the valve body 68 attached to 
the lower end thereof in the vertical 'direction. 

i 

35 The material gas flown , into the gas passage 56 

spontaneously flows downwardly inside the gas passage 56 into the 

t 

I i 1 

i • 
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diffusion chamber 44 inside the showerhead portion 42 where this 
material gas is then diffused and fed into the processing space S 
from the gas holes 48 as previously .described. 

At this occasion, the temperature of the resistance heater 
5 96 implanted in the gas injection plate 82 Is constantly detected by 
the thermocouple 98 and the detected values are entered in the 
controller 100, and this controller 100 controls the power section 
102 so that the resistance heater 96 maintains a specific 
temperature. 

10 At this point, since the gas passage 56 through which the 

material gas flows has a quite large internal diameter and is 
straight to the showerhead portion 42 with a quite short distance 
therebetween e.g. approximately 30 cm, the exhaust conductance 
is so enhanced that pressure loss generation can be considerably 

15 decreased. Consequently, the pressure differential between inside 
the showerhead portion 42 or the processing space S and inside 
the material reservoir tank 58 is considerably decreased, thus the 
material gas can be effectively produced by just that much. 
Although it depends on the kind of the metallic compound material 

20 M used or the processing conditions applied for example, in a case 
that the organic metal material M with equal to or less than 1 Torr 
(133 Pa) is used and the pressure in the processing space S is 
approximately 10 to 150 mTorr, the pressure inside the material 
reservoir tank 58 Is approximately 30 to 200 mTorr. In addition, 

25 the carrier gas is to be supplied from each of the gas injection 
holes 86 of the gas injection plate 82 of the first carrier gas supply 
means 80 provided In the bottom portion of the material reservoir 
tank 58 to be injected over the whole. surface of the bottom portion, 
and thereby the whole bottom surface of the material can be 

30 evaporated evenly without one-side wear of the material 
particularly when the metallic compound material M is solid, and 
thus the flow amount of the produced material gas can be 
stabilized. 

Moreover, particularly because the resistance heater 96 

i 

35 provided across the whole surface of the bottom portion of the 
material reservoir tank 58 is' controlled to maintain a 
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predetermined specific temperature, the amount of the material 
gas production can be controlled with high accuracy. Needless to 
add that the correlation between the amount of the material gas 
and the temperature is evaluated in advance, and the temperature 
5 is controlled corresponding to the material gas flow amount that is 
needed. 

Furthermore, on the upper surface of the gas injection plate 
82, the ftuorinated resin film 94 is;applied which is porous to pass 
the carrier gas, a gas, without passing liquid or solid material and 

10 offers outstanding resistance to heat and corrosion, thus 
preventing the material gas and! the liquid metallic compound 
material M from entering the side of the gas diffusion chamber 84 
below by regurgitation. In addition, by flowing a purge gas such 
as Ar gas from the purge gas feed pipe 57 while film formation is 

15 not performed, the purge gas can flow at a fast flow rate, thereby 
easily removing reaction by-products adhered to the showerhead 
portion 42 and the interior of the processing vessel 26. 

In the above embodiment, jthe controller 100 controls the 
temperature of the resistance heater 96 to maintain a constant 

20 temperature value. Alternatively, the control may be performed as 
explained below. Fig. 4 is a; block diagram showing the 
modifications of the embodiment of control, wherein only the parts 
necessary for the control are extracted from the components 
shown in Fig. 1 and illustrated in pajttern diagrams. 

25 <First Modification> i 

i 

In the case shown in Fig. 4 (A), a pressure detecting means 
110 is provided in the gas passage 56 for detecting the pressure 
therein, and the controller 100 corjtrols the power section 102 so 
that the value detected by this pressure detecting means 110 is 

30 maintained at a specific value. This pressure detecting means 110 
can be a capacitance manometer or a pressure transducer. 
Additionally, the pressure detecting means 110 may be provided 
not only in the gas passage 56 bujt also in the material reservoir 
tank 58 so as to detect the pressure inside the material reservoir 

35 tank 58. 

As a result, when the pressul-e inside the gas passage 56 for 
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example is increased or: decreased for some reason, the heat 

i 

release amount of the resistance heater 96 is controlled to settle 
the pressure to maintain a predetermined specific value. The 
amount of the material gas production can thus be controlled with 
5 high accuracy. Needless to say tjiat, in this case, the supplying 
flow amount of the carrier gas (Ar) is maintained at a specific 

amount. ; 

i 

<Second Modification> . 

In the case shown in Fig. 4 (B), an orifice means 112 having 

10 a narrow opening 112A is 'provided! inside the gas passage 56, and 
the pressure detecting means 11)0 is provided, as in the first 
modification, on the upstream sidejof this orifice means 112. This 
pressure detecting means 110 may be provided at the material 
reservoir tank 58. j 

15 In this case, the figure of the entrance side of the orifice 

means 112 is continuously narrowed down so as to provide a sonic 
nozzle (critical flow nozzle) condition. More specifically, given that 
the pressure ratio of the upstreani to downstream is equal to or 
more than approximately 0.5 and that the pressure on the 

20 upstream side is PI, the pressure On the downstream side P2 and 
PI > 2 x P2 for example,^ tne flow : rate at tne opening 112A as a 
throat portion reaches sonic velodty and the flow amount is in 
direct proportion to the pressure on the upstream side regardless 
of the pressure on the downstream side, offering easy control. In 

25 this case, when the internal diameter of the gas passage 56 is 
approximately 40 mm for example, the internal diameter of the 
opening 112A of the orifice means 112 is approximately 7 mm. 

The controller 100 controls fhe heat release amount of the 
resistance heater 96 by way of thej power section 102 to maintain 

30 the sonic nozzle condition in this ;way, or controls the supplying 
flow amount of the carrier ;gas by controlling the flow controller 90. 
Note that the controller 100 may b§ provided to control the both of 
the above. The amount of the matjerial gas production can thus be 
controlled with high accuracy. ! 

35 <Third Modification> i 

| i 

In the case shown in Fig. 4 (C), a partial pressure detecting 



i 
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means 114 is provided \b the gas passage 56 for detecting the 
partial pressure of the material gas In the gas flowing therein. 
This partial pressure detecting means 114 may be provided at the 
material reservoir tank 58. This partial pressure detecting 

5 means 114 comprises an infrared emitter 114A and a receiver 
114B and measures the gas concentration of specific molecules 
with its spectrum. This partial pressure detecting means 114 can 
be an FTTR Analyzer (a registered trademark: Horiba Ltd.) for 
example. ■ 

10 The controller 100 results in decreasing the heat release 

amount of the resistance heater j96 so that the detected value 
(partial pressure value) of the material gas detected by the partial 
pressure detecting means 114 is maintained at a predetermined 
specific value. The amount of the material gas production can 

15 thus be controlled with high accuracy. Needless to say that, in this 
case, the supplying flow amounit of the carrier gas (Ar) is 
maintained at a specific amount, j In addition, the orifice means 
112 is not provided in this case, and thus pressure loss generation 
can be decreased by just that much;. 

20 <Forth Modification> | 

In the case shown In Fig. 4 (D), a gas flow detecting means 
116, in the form of a gas flow metej- for example, is provided at the 
gas passage 56 for detecting the total amount of gas flowing 
therethrough. : 

25 The controller 100; results in decreasing the heat release 

amount of the resistance heater 96 jso that the value (total gas flow 
amount) detected by this gas flow detecting means 116 is 
maintained at a predetermined spejcific value. The amount of the 
material gas production can thus be controlled with high accuracy. 

30 Needless to say that, in this case, the supplying flow amount of the 
carrier gas (Ar) is maintained at a specific amount. 
< Fifth Modification> 

i 

In the case shown in Fig. 4 (jE), a second carrier gas supply 
means 118 is connected to the gas passage 56 for feeding a carrier 
35 gas therein. This second carrier gas supply means 118 comprises 
a carrier gas line 120 and a flow controller 122 such as a mass flow 

i 
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controller inserted in this carrier gas line 120, and employs Ar gas 
as a carrier; gas, as used' in the aforementioned first carrier gas 
supply means 80 (refer to Fig. 1)1 which can be fed into the gas 
passage 56 at a controlled flow rate controlled by the controller 
5 100. ! 

As in the forth modification the gas flow detecting means 
116 is provided at the gas passage 56 on the downstream side of 
the connection point of the second carrier gas supply means 118 
and the gas passage 56 , for detecting the total amount of gas 

10 flowing through the gas passage 56l 

The controller 100 thus controls each of the flow controller 
90, 122 of the aforementioned first and second carrier gas supply 
means 80, 118 so that the material gas flow in gas flow is 
maintained at a specific amount. 

15 That is, it is known that the flow amount of the material gas 

produced inside the material reservoir tank 58 generally is in 
substantial proportion to the flow amount of the carrier gas 
supplied thereto. When the amount of the material gas production 
is decreased for some reas|on, whereas the first and second carrier 

20 gas supply means 80, 118 flow specific amount of the carrier gas 
respectively and a specific material gas is stably produced, the 
amount decreased is detected by a; gas flow detecting means as a 
changed flow amount. The controller 100 then increases the flow 
amount of the carrier gas at the first carrier gas supply means 80 

25 to promote evaporation of the material gas in order to compensate 
for the decreased flow amount, while decreasing the flow amount 
of the carrier gas at the second carrier gas supply means 118 by 
just the amount increased. ; 

Consequently, the total gas ;flow amount and the material 

30 gas flow amount flowing in the gas flow detecting means 116 of the 
gas passage 56 can be maintained: respectively at specific values 
with high accuracy. | 

In more specific terms of this control method using certain 
numeral examples, assuming that lt)0 standard cc/min (seem) of a 

35 carrier gas is flown from the first ind second carrier gas supply 
means 80, 118 respectively at present and a material gas is 

! 

i 
t 

i • 
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produced at the flow rate of 10 seem at this point, the gas flow 
amount totals 210 seem. 

Given that the amount of jthe material gas production is 
decreased by 1 seem to reach 9j seem for some reason, which 
5 means the material gas . productipn is decreased by 10%, the 
supplying flow amount of the carrier gas at the first carrier gas 
supply means 80 is then increased by 10 seem (10%), from 100 
seem to reach 110 seem, in order to compensate for the decrease. 
Note that the correlation between |the flow amount of the carrier 

10 gas and that of the produced material gas is evaluated in advance. 

As a result, the amount of; the material gas production is 
brought back to in-situ 10 seem from 9 seem due to the carrier gas 
increase. Since the change of the total gas-supply amount into 
the processing space S is not preferable on the other hand, the 

15 supplying flow amount of the carrier gas at the second carrier gas 
supply means 118 is at the same time decreased by 10 seem that 
is equivalent of the amount increased in the carrier gas at the first 
carrier gas supply means 80. Irn other words, the gas-supply 
amount at the second carrier gas Supply means 118 is decreased 

20 from 100 seem to 90 seem. I 

In this manner the total gas flow amount is maintained at 
210 seem constantly. In case of increase in the flow amount of the 
material gas, the reverse of the above flow-rate operation may be 
conducted. 

i 

25 Although, in the above embddiments, the gas injection plate 

82 Is shaped and made of aluminupi, Aln or the like with the gas 
injection holes 86 provided thereto! by perforation or the like, the 
resistance heater 96 implanted therein and the porous fluorinated 
resin film 94 provided thereon as; shown in Fig. 3, the present 

30 invention is not limited to the above. As shown in Fig. 5, the 
porous fluorinated resin film itself; may be formed into the gas 

1 i 

injection plate 82 by increasing th£ thickness, with the resistance 
heater 96 implanted therein. In thjs case, the porous property of 
fluorinated resin material ; itself functions as fine injection holes, 
35 and therefore there is no need of 'further perforation for the gas 
injection holes. 
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Moreover, although the open/close valve 60 is provided 

i I 1 

inside the material reservoir tank 5|8 in the structure shown in Fig. 
1, the structure is not limited to the above. As shown in Fig. 6, 
the open/close valve 60 having; a regular structure may be 
5 provided in the intermediate part ofj the gas passage 56. 

Furthermore, although the resistance heater 96 is provided 
solely in the bottom portion of the material reservoir tank 58 in the 
structure shown in Fig. 1, the structure is not limited to the above. 
As shown in Fig. 7, resistance heaters (material heating means) 

i 

10 124 and/or 126 may be provided jat the side portion and/or the 
ceiling portion of the material reservoir tank 58 in addition to the 
resistance heater 96 in the bottom j portion to prevent the material 
gas that is being evaporated from Ire-liquefaction. In this case, a 
thermocouple 128 may be provided at each of the resistance 

15 heaters 124, 126 so that the structure allows controllers 130 and 
power sections 132 to further provide individual temperature 
control. <Second lnvention> 

Although, in the embodiments above, the exhaust 
conductance is enhanced as mucfi as possible by substantially 

20 directly interconnecting the materia^ reservoir tank 58 to the upper 
area of the processing apparatus 2|2, the present invention Is not 
limited to the above but also can bei applied to a gas supply system 

i 

with a narrow and long gas passage as in a conventional 
apparatus. ; 
25 Fig. 8 is a structural block diagram showing a second 

invention of the processing system according to the present 

i 

invention, Fig. 9 is an enlarged dross-sectional view showing a 

material reservoir tank, and Fig. ^.0 is an exploded perspective 

view showing the material reservoir tank. In Fig. 8, the same 
30 reference characters are applied to the same structural 

components as the previously explained with their explanations 

omitted. \ 

In the processing system shjown in Fig. 8, a gas passage 6 

of the same sort as explained in 1 Fig. 21 is extended from the 
35 showerhead portion 42 of the processing apparatus 22, as a part of 

the gas supply system. The internal diameter of this gas passage 
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6 is approximately 12.7 mm |for example and the ! length 
approximately 1 m for example, i depending on the installation 
location of a material reservoir tank 140. 

As shown in Figs. 9 and 10, ja first carrier gas supply means 
5 142 and a material heatinb, means ;166 are provided on the side of 
the bottom portion of the material reservoir tank 140 which is 
connected to the end of the long jgas passage 6. A side portion 
146 and bottom portion 148 of thei material reservoir tank 140 are 
comprised of aluminum for example in consideration of heat 

10 conductance, and a ceiling portion !150 is formed of stainless steel 
for example In consideration of welding to the other components. 
Each of the ceiling portion 150 and the bottom portion 148 is 
securely joined to the side of the s}ide portion 146 with a bolt 152 
via a sealing member 154 such as a|n O-ring. 

15 The bottom portion 148 is ! combined with the first carrier 

gas supply means 142 and provides a shower structure. To be 
more precise, a plate-shaped shower portion 158 in which a 
number of gas injection holes ;156 are formed In a planar 
configuration, a plate-shaped frarhe body 164 provided with a 

20 recess 160 formed in the inner side; on which struts 162 are uprisen, 
and the resistance heater (material heating means) 166 with a 
shape of a disc are laminated in the bottom portion 148 to provide 
an integral structure. ! ; 

In this case, a gas: diffusion chamber 168 is formed in the 

25 recess 160 by the shower portion 158 joined onto the recess 160. 
This gas diffusion chamber 168 is linked to a gas feed passage 170 
which is formed piercing through the shower portion 158 and the 
side portion 146 and ceiling portion 150 of the material reservoir 
tank 140. The upper end of tjhfs gas feed passage 170 is 

30 connected to the carrier gas line 9j2 in which an open/close valve 
172, a filter means 174 and the how controller 90 are inserted 
sequentially, as shown in Fig. 8, and thereby Ar gas as a carrier gas 
is supplied. : j 

In addition, the whole uppej- surface of the shower portion 

35 158 is coated (including by 1 application/attachment) with 
aforementioned porous fluorinated iresin (not shown), e.g. porous 
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Teflon (a registered trademark), through which Ar gas can be 
passed downwardly while solid or liquid metallic compound material 
M cannot. This coating has the function of heat insulation and 
thus is employed also on the joining surface to the side portion 146, 
5 thereby decreasing the heat transfer from the bottom portion 148 
to the side portion 146, arid the heat control of the bottom portion 
148 becomes easy as a result. 

Moreover, the thermocouple! 98 as a temperature detecting 
means Is provided in the: proximity of the upper surface of this 

10 bottom portion 148, and the detected value is entered in the 
controller 100 to control the power section 102 so that the heat 
release amount can be controlled. 1 

Preferably, the inner surface of the side portion 146 of the 
material reservoir tank 140 is also coated with Teflon (a registered 

15 trademark). As a result the metallic compound material M comes 
down without adhering to the side ^surface, given that the metallic 
compound material M is solid, and therefore preventing one-side 
wear of the material to be caused by which the flow amount of the 
material gas can be unstable. : 

20 In addition, as well as a second gas outlet 178 used to 

evacuate unnecessary gas; a first gas outlet 176 interconnected to 
the gas passage 6 is provided in the ceiling portion 150. This 
second gas outlet 178 is connected to the exhaust line 34 of the 
processing apparatus 22 by way of a gas line 181 in which an 

25 open/close valve 180 is inserted, as! shown in Fig. 8. 

Moreover, as in the same fanner as shown in Fig. 7, the 
resistance heater (material heating means) 124, 126, each of 
which are provided with the thermocouple 128, are also provided 
outside the side portion 146 and the ceiling portion 150 of the 

30 material reservoir tank 140, and thus the heat release amount of 
each of the heaters 124, 126 is controlled by controlling the power 
sections 132 with the controller 130. In this case, the preset 
temperature value of each ;of the resistance heaters 124, 126 is set 
lower than that of the resistance heater 166 of the bottom portion 

35 148, lower enough for the materiell gas not to be re-liquefied or 
re-solidified, so that evaporation of |the metallic compound material 



i 
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M is controlled and mainly generated solely at the shower portion 
158 of the bottom portion 148. j 

Furthermore, as shown in Fig. 8, open/close valves 190, 192 
are inserted in the gas passage 6^ on the upstream side and the 
5 downstream side respectively, and! an evac line 194 in which an 
open/close valve 196 is i inserted ; as well is connected to and 
branched off from between the open/close valves 190 and 192 
toward the exhaust line 34 so that unnecessary material gas can 
be disposed of. Note that the whole gas passage 6 is heated by a 

10 tape heater or the like wound therearound to prevent the material 
gas from re-liquefaction. 

In the case of the embodiment structured as above, again, 
the carrier gas fed into the gas diffusion chamber 168 of the first 
carrier gas supply means 142 is diffused toward the whole surface 

15 of the bottom portion and then fed; upwardly from each of the gas 
injection holes 156 into the material reservoir tank 140 to allow the 
metallic compound material M evaporated. In this case, the 
carrier gas is injected from substantially the whole surface of the 
bottom portion, thereby preventing one-side wear of the metallic 

20 compound material M from being caused, and thus the amount of 
the material gas production, i.e. the gas flow amount, can be 
stabilized. 

At this point, the fljow amount of the material gas can be 
controlled with high accuracy because the temperature in the 
25 proximity of the shower portion 158 of the bottom portion 148 is 
detected by the thermocouple 98 <md the controller 100 controls 
the heat release amount by controlling the power section 102 for 
this temperature to be maintained at a specific value. 

In addition, the flow amount of the material gas can be 
30 further stabilized because the resistance heater 166 of the bottom 
portion 148 is provided over substantially the whole surface so that 
the metallic compound material M tan also be evaporated by the 
heat from the whole surface of the bottom portion. 

The modifications of the j above embodiment will be 
35 explained in the next place. Fig. 11 is a block diagram showing 
the modifications of the embodiment of control, wherein only the 
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parts necessary for the control are lextracted from the components 
shown in Fig. 8 and illustrated in pattern diagrams. Additionally, 
the sixth modification to tenth modification hereinafter explained 
are respectively corresponding to the first modification to the fifth 
5 modification shown in Fig. 4. ; 
<Sixth Modification> j 

In the case shown in Fig. ill (A), a pressure detecting 
means 110 is provided in the gas passage 6 for detecting the 
pressure therein, and the controller 100 controls the power section 

i 

10 102 so that the value detected by; this pressure detecting means 
110 is maintained at a specific vplue. This pressure detecting 
means 110 can be a capacitan«pe manometer or a pressure 
transducer. j 

As a result, when the pressure inside the gas passage 6 for 

15 example is increased or decreased for some reason, the heat 
release amount of the resistance heater 166 is controlled to settle 
the pressure to maintain, a predetermined specific value. The 
amount of the material gas production can thus be controlled with 
high accuracy. Needless to say that, in this case, the supplying 

20 flow amount of the carrier gas (Ar) is maintained at a specific 
amount. i 
<Seventh Modification> j 

In the case shown in Fig. Ill (B), an orifice means 112 
having a narrow opening 112A is provided inside the gas passage 6, 

25 and a pressure detecting means lio is provided, as in the sixth 
modification, on the upstream side of this orifice means 112. 

At this point, the figure of the entrance side of the orifice 
means 112 is continuously .narrowed down so as to provide a sonic 
nozzle (critical flow nozzle) condition, as explained in Fig. 4 (B). 

30 More specifically, given that the pressure ratio of the upstream to 
downstream Is equal to or more thbn approximately 0.5, the flow 
rate at the opening as a throat portion reaches sonic velocity and 
the flow amount is in proportion to: the pressure on the upstream 
side regardless of the pressure on jthe downstream side. In this 

35 case, when the internal . diameter of the gas passage 6 is 
approximately 12.7 mm for example, the internal diameter of the 

I 
i 
i 

i 
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opening (not shown) of the orifice means 112 is approximately 2.2 

mm. ! 

The controller 100 jcontrols the heat release amount of the 

resistance heater 166 by way of the power section 102 to maintain 
5 the sonic nozzle condition in this iway, or controls the supplying 

flow amount of the carrier; gas by controlling the flow controller 90. 

Note that the controller 100 may b6 provided to control the both of 

the above. The amount of the material gas production can thus be 

controlled with high accuracy. 
10 <Eighth Modification> j 

In the case shown in Fig. ll (C), a partial pressure 

detecting means 114 is provided injthe gas passage 6 for detecting 

the partial pressure of the! material! gas in the gas flowing therein. 

This partial pressure detecting means 114 may be provided at the 
15 material reservoir tank 140. 

i 

This partial pressure detecting means 114 comprises an 
infrared emitter and a receiver, jas previously described, and 
measures the gas concentration lof specific molecules with its 
spectrum. 

20 The controller 100 decreases; the heat release amount of the 

resistance heater 166 so that the detected value (partial pressure 
value) of the material gas detected by the partial pressure 
detecting means 114 is maintained at a predetermined specific 
value. The amount of the material gas production can thus be 

25 controlled with high accuracy. Needless to say that, in this case, 
the supplying flow amount iof the carrier gas (Ar) is maintained at a 
specific amount. In addition, the otfifice means 112 is not provided 
in this case, and thus pressure loss generation can be decreased by 
just that much. 

30 <Ninth Modification> j 

In the case shown, in Fig. ill (D), a gas flow detecting 
means 116, In the form; of a ga's flow meter for example, is 
provided at the gas passage 6 for detecting the total amount of gas 
flowing therethrough. I 

35 The controller 100 decreases |the heat release amount of the 

resistance heater 166 so that the value (total gas flow amount) 
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detected by this gas flow detecting! means 116 is maintained at a 
predetermined specific value. The amount of the material gas 
production can thus be controlled with high accuracy. Needless to 
say that. In this case, the supplying; flow amount of the carrier gas 
5 (Ar) is maintained at a specific amount. 
<Tenth Modification> ; 

In the case shown in Fig. 11 (E), a second carrier gas supply 
means 118 is connected to the gas! passage 6 for feeding a carrier 
gas therein. This second carrier gas supply means 118 comprises 

10 a carrier gas line 120 and a flow controller 122 such as a mass flow 
controller inserted in this carrier gajs line 120, and employs Ar gas 
as a carrier gas, as used in the aforementioned first carrier gas 
supply means 142 {refer to Fig. 8), which can be fed into the gas 
passage 6 at a controlled flow rate controlled by the controller 100. 

15 As in the ninth modification: the gas flow detecting means 

116 is provided at the gas passage 6 on the downstream side of 
the connection point of thie second carrier gas supply means 118 
and the gas passage 6 for detecting! the total amount of gas flowing 
through the gas passage 6. 

20 The controller 100 thus controls each of the flow controller 

90, 122 of the aforementioned first and second carrier gas supply 
means 142, 118 so that, the material gas flow in gas flow is 
maintained at a specific amount. 

That is, it is known that the flow amount of the material gas 

25 produced inside the material reservoir tank 140 generally is in 
substantial proportion to' the flow amount of the carrier gas 
supplied thereto. When the amount of the material gas production 
is decreased for some reason, whereas the first and second carrier 
gas supply means 142, 118 flow specific amount of the carrier gas 

30 respectively and a specific material gas is stably produced, the 
amount decreased is detected by a; gas flow detecting means as a 
changed flow amount. The controller 100 then increases the flow 
amount of the carrier gas at the first carrier gas supply means 142 
to promote evaporation of the material gas in order to compensate 

35 for the decreased flow amount, while decreasing the flow amount 
of the carrier gas at the second carrier gas supply means 118 by 
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just the amount increased.: ! 

Consequently, the total gas| flow amount and the material 
gas flow amount flowing in! the gas flow detecting means 116 of the 
gas passage 6 can be maintained: respectively at specific values 
5 with high accuracy. 

In more specific terms of this control method using certain 
numeral examples, assuming that i;00 standard ce/min (seem) of a 

i 

carrier gas is flown from ;the first, and second carrier gas supply 
means 142, 118 respectively at present and a material gas is 

10 produced at the flow rate of 10 seem at this point, the gas flow 
amount totals 210 seem. 

Given that the amount of the material gas production is 
decreased by 1 seem to reach 9; seem for some reason, which 
means the material gas j production is decreased by 10%, the 

15 supplying flow amount of the carrier gas at the first carrier gas 
supply means 142 is then increased by 10 seem (10%), from 100 
seem to reach 110 seem, in order to compensate for the decrease. 
Note that the correlation between :the flow amount of the carrier 
gas and that of the produced material gas is evaluated in advance. 

20 As a result, the amount of; the material gas production is 

brought back to in-situ 10 seem from 9 seem due to the carrier gas 
increase. Since the change of the total gas-supply amount into 
the processing space S is not preferable on the other hand, the 
supplying flow amount of the carrier gas at the second carrier gas 

25 supply means 118 is at the same time decreased by 10 seem that 
is equivalent of the amount increased in the carrier gas at the first 
carrier gas supply means 142. lin other words, the gas-suppiy 
amount at the second carrier gas supply means 118 is decreased 

i 

from 100 seem to 90 seem. j 
30 In this manner the total gas flow amount is maintained at 

210 seem constantly. In case of increase in the flow amount of the 
material gas, the reverse of the above flow-rate operation may be 
conducted. 

Additionally, the carrier gas! line 120 may be connected to 
35 the gas passage 6 on the downstream side of the gas flow 
detecting means 116 as shown by dashed lines. 
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Note the material reservoir tank 140 may be structured as 
the modification shown in Fig. 12 to! 14. 

Fig. 12 is a cross-sectional view showing a modification of 
the material reservoir tank; Fig. 13 is an exploded diagram showing 
5 a part of the first carrier gas supp|y means at the bottom of the 
material reservoir tank and Fig. 14 is an enlarged cross-sectional 
view showing a configuration of the members of the part shown in 
Fig. 13. Note that the same reference characters are applied to 
the same portions as the ' structural components shown in Fig. 9 

10 with their explanations omitted. I 

In this case, the side portion 146 and the bottom portion 
148 of the material reservoir tank 140 are integrally formed of 
aluminum, and the first carrier gas: supply means 142 is provided 
above the bottom portion 148. To be more specific, a ceramic with 

15 a resistance heater as a! material heating means (not shown) 
implanted therein is shaped into a ceramic heater with a shape of a 
quite thin disc. For example, AIN or the like can be used for the 
ceramic. This disc-shaped ceramic! heater is then provided with a 
number of gas injection holes 156 fbrmed across the whole surface 

20 thereof to provide a shower portion 200. The circumference of this 
shower portion 200 incorporating ! the heater is held by a ring 
member 202 made of Teflon (a registered trademark) for example. 

This shower portion: 200 is supported on the bottom portion 
148 by a plurality of top-shaped support members 204 which are 

25 hollow inside and have a specific height as shown in Fig. 13 and the 
struts 162 as shown In Fig. 10. These support members 204 are 
made of the same ceramicas the shower portion 200 and integrally 
formed with the shower portion 2,00 by pressurized firing^ The 
base portion of each of the support members 204 is pressed by a 

30 pair of pressing members: 206 featuring two half-circle shapes as 
shown in Figs. 13 and 14, and each |of these pressing members 206 
is securely fixed to the bottom portion 148 with a bolt 210 via an 
O-ring 213 to provide airtight and; stable fixation. At this, point, 
the circumference of the bolt 210 ik enclosed by an O-ring 211 to 

35 maintain the airtightness. 

In the proximity! of thd shower portion 200, the 

! i 
i ' 
• ! 

! i • 

i 

i , 
i 

; ! 
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thermocouple 98 is installed on the side of the ceiling portion of the 
hollow portion of the support member 204, and the electric feeder 
lines to the lead wires of the thermocouple 98 and the resistance 
heater are wired through the hollow portion of the hollow support 
5 member 204. Moreover, this hollow portion of the support 
member 204 is airtightly blocked frpm inside the material reservoir 
tank 140 and provides j atmospheric air. Consequently, the 
maintenance of the thermocouple and the feeder lines is facilitated. 
In addition, the interspace ibetweenjthe shower portion 200 and the 
10 bottom portion 148 is structured as; the gas diffusion chamber 168, 
and Ar gas as a carrier gas is fed from a gas inlet 212 provided in 
the bottom portion 148. 

In this case, again, ithe material gas can be evenly produced 
and the flow amount thereof can be stabilized as in the example of 

j 

15 the apparatus explained in; Fig. 9. 

In this case, in addition, £he thermal efficiency can be 
increased because the resistance heater is incorporated and 
integrated in the shower portipn 200. Furthermore, the 
temperature controllability of the heater can be improved as well 

20 because the support members 204 supporting the shower portion 
200 are made of ceramic Iwith low; heat conductance and thus the 
heat is not very likely to ;be conducted to the side of the bottom 
portion 148. 

Note that, also inj this case, the surface of the shower 
25 portion 200 and the inner; surface of the side portion 146 may be 
coated with a porous fjluorinateid resin layer, e.g. Teflon (a 
registered trademark). 

Furthermore, the structure j comprising the shower portion 
200, ring member 202, support members 204, pressing members 
30 206 etc. explained herein jmay be employed in the example of the 
apparatus shown in Fig. 1.; 

In the structure of ithe material reservoir tank 140 shown in 
Fig. 9 and 12 on the other hand, ijn spite of the fact that the first 
gas outlet 176, an outlet for the; evaporated gas (material gas) 
35 from the metallic compound material streaming toward the 
processing apparatus 22, is provided in the ceiling portion 150, not 

: i 
( 

: i 
i 



'05$02fll8B(£)lSl§21# SMITH, GAMBRELL • ■ Iff: KYOWA PATENT, TRY R : 2 1 8 P. 

37 I 

only the material gas but also fluid droplets (in a case that the 
metallic compound material is liquid), fine particles (in a case that 
the metallic compound material is solid), etc. may enter inside the 
first gas outlet 176 by the force of tjhe carrier gas injected from the 
5 gas injection holes 156 of the bottojn portion, flow directly through 
the gas passage 6 and get caught In the open/close valves 190, 
192 (refer to Fig. 8), etc., thereby! Increasing risk of occlusion of 
the gas passage 6 itself etc. 

Accordingly, as an modification of the material reservoir 

10 tank 140, a baffle plate member is provided to cover the gas outlet, 
i.e. the first gas outlet 176, connected to the gas passage 6 in 
order to prevent any metallic compound material other than gas 
from entering inside this first gas outlet 176. 

Fig. 15 is a cross-sectional vifew showing such a modification 

15 of the material reservoir tank, and Fig. 16 is a perspective view 
showing an example of the baffle plate member. Note that the 
same reference characters are applied to the same structural 
components as the structure shown in Fig. 9 with their 
explanations omitted. As; shown diagrammatically, a baffle plate 

20 member 220 is provided inside the material reservoir tank 140 in a 
manner to cover the first gas outlet 176 to which the gas passage 
6 is connected. 

This baffle plate member 220 is constituted by a single 
bending plate 222 formed by folding a plate in a substantial 

25 U-shape in cross-section as shown ih Fig. 16. To be more specific, 
this bending plate 222 is made of a material with good heat 
conductance, e.g. aluminum or : copper, and bended into a 
substantial U-shape as described above. On both sides of the 
bending plate 222, a pair of attachment tabs 224 are provided in a 

30 horizontal direction, and these attachment tabs 224 are securely 
fastened to the inner surface of the iceiling portion 150by bolts 226 
for the bending plate 222 to be .attached. At this point, this 
bending plate 222 is so attached as to locate the bottom portion 
222A thereof substantially: directly |below the first gas outlet 176 

35 and also is so provided as to incli'ne at an angle of 0 degrees 
relative to the horizontal, and thus! droplets, particles, etc. of the 
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metallic compound material M adhered to the bottom portion 222A 
are gathered in the direction of the inclination and come down by 
force of gravity. In addition, both [ ends of this bending plate 222 
are formed as gas feed openings ;228A, 228B for the gas rising 
5 from below. 

in this case, the bending plate 222 is attached in a 
configuration that the surface of the metallic compound material M 
below cannot directly be seen from the first gas outlet 176 in order 
to prevent the droplets or particles (powdery material) blown up by 

10 the force of the carrier gas from entering inside the first gas outlet 
176. At this point, the internal diameter of the first gas outlet 176 
is approximately 17 mm, the width LI of the bending plate 222 is 
approximately 24 mm, the lower height HI is approximately 12 
mm and the higher height H2 is approximately 23 mm. 

15 When the baffle plate member 220 constituted by the 

bending plate 222 is provided in this way, even if a carrier gas is 
injected with great force from the gas injection holes 156 of the 
bottom portion inside the material reservoir tank 140 and the 
evaporated gas from the metallic compound material M is stirred 

20 up together with the droplets (in a case that the metallic compound 
material M is liquid) or particles or powdery material (in a case that 
the metallic compound material M is solid) of the metallic 
compound material M, these droplets or particles (powdery 
material) are adhered to the bending plate 222, removed, and thus 

25 prevented from entering inside the first gas outlet 176. 
Consequently, only the evaporated material gas, with the droplets 
or particles (powdery material) removed, flows into the first gas 
outlet 176 with the carrier gas. 

In this case, the dimensions of both of the gas feed 

30 openings 228A, 228B formed in both sides of the bending plate 222 
are quite large, and thus almost no pressure loss is generated in 
the metallic compound material M with low vapor pressure. 
Consequently, the material gas can smoothly be flown out together 
with the carrier gas as well as in the case that the baffle plate 

35 member 220 is not provided. 

Moreover, the droplets or particles (powdery material) 
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adhered to this bending plate 222 are actively gathered on one side 
of the bending plate 222. to be come down because the bottom 
portion 222A is provided with an inclination. Furthermore, since 
the bending plate 222 is made of a material with good heat 
5 conductance and thus the heat of the resistance heater 126 
provided at the ceiling portion 150 is conducted to this bending 
plate 222 resulting in effective heating, the remaining droplets or 
particles (powdery material) on the bending plate 222 can also be 
effectively evaporated. 

10 Although a single bending piate 222 is used for the baffle 

plate member 220 shown in Fig. 16, the baffle plate member 220 is 
not limited to the above but may have an additional bending plate 
other than the bending plate 222. Fig. 17 is a partial 
cross-sectional view showing such a baffle plate member using 2 

15 bending plates. Fig. 18 is an enlarged plan view showing a 
configuration of the 2 bending plates. As shown diagrammatically, 
a second bending plate 230 is used for the baffle plate member 
220 in addition to the bending plate 222, wherein this bending 
plate 230 has the same form and structure as the bending plate 

20 222 while only the dimension is set to be slightly larger. This 
bending plate 230, whose width and height are set to be slightly 
longer than the first bending plate 222 as mentioned above, is 
provided with attachment tabs 232 on both sides thereof, which are 
secured to the inner surface of the ceiling portion 150 by bolts 234 

25 allowing attachment of the whole body. In this case, a bottom 
portion 230A of the bending plate 230 is provided also with an 
inclination at a specific angle relative to the horizontal, thus 
facilitating droplets or particles (powdery material) adhered thereto 
to be come down. In addition, the bending plates 222, 230 are 

30 provided in a manner that one side of the lower-end portion of the 
bending plates 222 and that of the bending plate 230 are partially 
mutually inserted to fit together. 

By providing the second bending piate 230 In this way, the 
droplets or particles (powdery material) of the metallic compound 

35 material M stirred up with a carrier gas can be adhered to the 
aforementioned 2 bending plates 222, 230 and removed, and thus 



i 
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these droplets or particles; (powdery material) can more assuredly 
be prevented from entering the side of the first gas outlet 176 
without increasing pressure loss. \ 

Although, in the baffle plate members 220 explained above, 
5 bending plates 222, 230 bended in: a substantial U-shape in cross 
section are employed, the baffle plate members 220 are not limited 
to the above but may be formed into a disc shape as shown in Fig. 
19 or a cone shape as shown in Fig. 20/ for example. That is, Fig. 
19 is a diagram showing another modification of the baffle plate 
10 member, and Fig. 20 is a diagram showing yet another modification 
of the baffle plate member. Fig. 19 (A) is a cross-sectional view 
showing the modification of the baffle plate member, and Fig. 19 
(B) is a plan view showing the modification of the baffle plate 
member. 

15 For the baffle plate! member 220 in this case, a disc plate 

240 made of a material with good heat conductance is used such 
as Al and Cu as previously described and is securely fixed to the 
ceiling portion 150 by struts 242 in an inclined state at a specific 
angle relative to the horizontal. These struts 242 are also formed 

20 of a material with good heat conductance such as Al and Cu. In 
this case, instead of locating the center of the disc plate 240 
directly above the first gab outlet 176, the part of the disc plate 
240 slightly slanted upwardly in the direction of the inclination of 
the disc plate 240 Is set to be located directly above the first gas 

25 outlet 176. In this structure, the droplets and particles (powder 
material) entering from the direction where the space between the 
ceiling portion 150 and the' disc plate 240 is wider are prevented as 
much as possible from entering inside the first gas outlet 176. In 
this modification again, as in the baffle plate member shown In Figs. 

30 16 and 17, the droplets or particles (powdery material) of the 
metallic compound materijal M can be prevented from entering 
inside the first gas outlet 176 without generating pressure loss. 

Fig. 20 (A) is a jcross-sectional view showing another 
modification of the baffle plate merhber, and Fig. 20 (B) is a plan 

35 view showing the modification of the baffle plate member. For the 
baffle plate member 220 \n> this case, an umbrella-like conical plate 
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242 made of a material wjth good -heat conductance is used such 
as Al and Cu as previously described and is securely fixed to the 
ceiling portion 150 by struts 244i These struts 244 are also 
formed of a material with good heat conductance such as Al and Cu. 
5 In this case, the apex 242A of the] conical plate 242 is set to be 
located directly above thejfirst gas" outlet 176. In this structure, 
the droplets and particles (powder material) entering from the rim 
part where the space between the ceiling portion 150 and the 
conical plate 242 is wider are prevented as much as possible from 

10 entering inside the first gas outlet 176. In this modification again, 
as in the baffle plate meimber shown In Figs. 16 and 17, the 
droplets or particles (powdery material) of the metallic compound 
material M can be prevented from entering inside the first gas 
outlet 176 without generating pressure loss. 

15 Although each of t!he baffle plate members 220 in the 

above-mentioned structures is provided at the first gas outlet 176, 
this baffle plate member 220 may be provided at the second gas 
outlet 178 {refer to Fig. 9);to which' the gas line 181 is connected. 

j 

Moreover, each of the baffle plate members 220 explained herein 
20 may be provided at the material reservoir tank 140 shown in Fig. 

12. 1 i 

1 t 

For the metallic compound material explained In each of the 
above embodiments, DMAT (dimethylamlnotitanium), HTB 
(hafnium tertiary-butoxidej, PET (pentaethoxy tantalum), DMAH 

25 (dimethylaluminum hydride), metal carbonyl compound, 
metallocene, metal beta-diketonate: compound, TaF 5 , TaCIs, TMIn, 
etc. can be used. 

For the carrier gas, other inert gas such as He gas, Xe gas, 
N 2 gas, etc. can be used for example, instead of Ar gas. 

30 Although the above embodiments are explained by 

exemplifying the case wherein a film is formed on a semiconductor 
wafer which is employed '< as an object to be processed, the 
embodiments are not limited the above but can be applied to the 
case wherein a film is formed on a dlass substrate, LCD substrate, 

35 etc. for example. j 

As explained above, the superior operational advantages 
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can be achieved as stated belowi according to the gas supply 
system and processing system of the present invention. 

According to the present indention, the produced material 
gas flow can be maintained at aj specific amount because the 
5 carrier gas is designed to be injected from the whole surface of the 
bottom portion of the material reservoir tank in order to evaporate 
the metallic compound material so as to obtain the material gas. 

i 

In addition, the produced material gas flow amount can be 
controlled with high accuracy by; changing the supplying flow 
10 amount of the carrier gas. j 

According to the present invention, the maintenance of the 
thermocouple and the feeder lines is facilitated because the hollow 
portion of the support member provides atmospheric air. 

According to the present invention, the material reservoir 
15 tank is provided and directly attached to the processing vessel in 
the upper area of the processing i apparatus, linked by the gas 
passage, and thus almost no pressure loss is generated during the 
material gas delivery, and the material gas can be effectively 
produced and effectively fed into the processing apparatus as a 
20 result. I 

According to the present invention, the liquid or solid 
metallic compound material canj be prevented from flowing 
downwardly into the diffusipn chamber below. 

According to the present invention, the evaporation of the 

■ i 

25 metallic compound material can be; promoted due to the material 
heating means. ; 

According to the present invention, by flowing a purge gas 
from the purge gas feed pipe while film formation is not performed, 
the purge gas can flow at a fast flow rate, thereby easily removing 

30 reaction by-products adhered to the showerhead portion and the 
interior of the processing vessel. 

According to the present indention, the material gas flow 
can be maintained at a specific amount with high accuracy because 
the temperature of the material heajting means is detected and the 

35 detected value is maintained at a specific value. 

According to the present invention, the material gas flow 

■ i 

I 
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can be maintained at a specific amount with high accuracy because 
the pressure inside the gas passage is detected to control the 
material heating means. 

According to the present invention, the material gas flow 
5 can be maintained at a specific amount with high accuracy because 
the orifice means is provided to provide a sonic nozzle condition 
and the heat release amou'nt of the. material heating means and/or 
the supplying flow amount of the carrier gas are/is controlled so 
that the pressure inside the gas passage on the upstream side of 

10 the orifice means is maintained at a [specific value. 

According to the present invention, the material gas flow 
can be maintained at a specific amount with high accuracy because 
the partial pressure of the material gas inside the gas passage is 
detected and the heat release amount of the material heating 

15 means is controlled in order to maintain the detected pressure at a 
specific value. 

According to the present invention, the material gas flow 
can be maintained at a specific amount with high accuracy because 
the gas flow amount inside the gas passage is detected and the 

20 heat release amount of the material heating means is controlled in 
order to maintain the detected amount at a specific value. 

According to the present invention, the material gas flow 
can be maintained at a specific amount with high accuracy because 
the second carrier gas supply means is provided wherein the 

25 amount of the gas flowing iinside the gas flow path is detected and 
the first carrier gas supply means 1 is so controlled as to always 
maintain a constant flow amount of the material gas carried by the 
carrier gas from the first carrier gas supply means, and then the 
flow amount of the carrier gas increased or decreased by this 

30 control is compensated by 1 the carrier gas from the second carrier 
gas supply means in order to constantly supply a specific amount 
of the total gas flow to the [processing apparatus. 

According to the present invention, by providing the baffle 
plate member at the gas outlet, the metallic compound material in 

35 the form of droplets or particles/powdery material except for gas 
can be prevented from flowing to the side of the processing 
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apparatus without generating pressure loss. 
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